Available data regarding the distribution, prevalence and severity of various diseases are based on the performance and operational characteristics of the diagnostic techniques applied; a fact particularly apparent in the study of helminth infections. An important lesson learnt from the efforts to rein in dracunculiasis, lymphatic filariasis and schistosomiasis is that the diagnostic approach changes as further progress is made towards control and ultimate elimination of the disease. This insight prompted the opinion presented here, which highlights diagnostic dilemmas in helminthology related to the stage of control achieved, and sets out some research needs.
The choice of a diagnostic assay should be governed by the objective of the activity.
Indeed, the proper diagnosis of an infection is paramount for all aspects of its prevention and control. Moreover, the evaluation of efficacy and community-effectiveness of interventions, verification of local disease elimination and early detection of resurgence strongly depends on reliable diagnostic tools [17, 18] . However, while the implementation of a complex diagnostic approach based on the highest possible combination of sensitivity and specificity can be defended from a research point of view, even when time-consuming and expensive, an approach useful in practise is almost always a compromise between quality and quantity as the techniques needed for large-scale application must be based on cost-effectiveness, i.e. The heart of the matter is the required, continuous adaption of the diagnostic focus to the state of control, taking into account the prevailing constraints in terms of available resources. 
From morbidity to post-transmission
In 2002, Engels and colleagues [19] outlined the control of schistosomiasis as a series of consecutive steps moving from morbidity control to elimination of infection as a public health threat. This framework has here been expanded to include also the soil-transmitted helminthiases and the food-borne trematodiases. Underlying reasons are the considerable geographical overlap of these infections, the similar tools for diagnosis used at the onset of control activities (e.g. microscopy of stool samples) and the similar public health measures applied (e.g. large-scale administration of anthelminthic drugs when morbidity reduction is the prime objective) [20, 21] . Post-transmission control is not depicted in the figure as this stage is limited to a relatively small number of patients but it should be realized that it will require interventions for a prolonged period of time, particularly in the case of schistosomiasis and the food-borne trematodiases [22] . The idea to collate this information (Fig. 2 ) is in line with the growing emphasis on integrating the control of the so-called neglected tropical diseases [4, 10, [23] [24] [25] . Currently used techniques are depicted in the boxes to the right in the figure, while the entries to the left are still tentative. 
Diagnostic dilemmas

Morbidity control -questionnaires and standard diagnostic tests
When control of schistosomiasis was first attempted, eradication was the pronounced goal, at least by some eminent scientists at the time [26] . However, the failure of this approach was not due to a diagnostic dilemma but depended on the incongruence between objective and tools. The problem was circumvented by the advent of praziquantel which permitted a change of tactics, i.e. substituting morbidity for transmission as the focus of control in highly endemic areas [27] . This strategy, relying on mass administration of safe and efficacious drugs donated or provided at very low cost [4, 7, 10] , is still recommended in settings where the proportion of those infected surpasses a given threshold (e.g. >50% of school-aged children infected) [11] . With this diagnostic scenario, cost and simplicity are more important than sensitivity leading to the utilization of community-based questionnaires with the results followed-up by standard parasitological examinations of excreta (e.g. stool, urine and sputum). That these results are not fully reliable with respect to prevalence and give even less information on the level of transmission must be weighed against the importance of rapidly identifying those in most need of treatment. Interviewing schoolchildren about blood in the urine has proved generally accurate and cost-effective for the rapid identification of high-risk communities of urinary schistosomiasis [28] . While a similar approach, focused on dietary habits (e.g. consumption of raw or undercooked fish), could be a quick way to identify populations at risk of clonorchiasis [29] , geographical and ethnographical differences present an unforeseen dilemma. For example, whereas communities suffering from opisthorchiasis in Thailand were able to perform selfdiagnosis leading to treatment-seeking practices, this was not the case in Laos where opisthorchiasis-specific symptoms were vague [30] leading to the conclusion that the questionnaire approach must be locally assessed before large-scale implementation. Thus, parasitological diagnostic tools are still needed for assessing cure after treatment and, in the longer perspective, dependable disease surveillance. Some further diagnostic dilemmas with reference to stool examinations at the stage of morbidity control are worth mentioning. First, because infections with multiple species are the norm rather than the exception, there is a need for well-trained laboratory technicians and quality control measures to ascertain accurate, species-specific helminth diagnosis. This issue is particularly relevant in settings characterized by a high diversity of food-borne trematodes [35] . Second, while Kato-Katz thick smears should be read shortly after slide preparation (preferably within 30 min) for hookworm eggs which would otherwise have disintegrated, longer clearing times (sometimes several hours) are warranted for the diagnosis of Schistosoma mansoni, as well as Ascaris lumbricoides, Trichuris trichiura and food-borne trematodes. Third, the time required for collecting the stool specimens in the field, transferring them to the laboratory, and preparing the slides for examination can result in significant underestimates of hookworm burdens [36] . As a compromise, in settings where soil-transmitted helminths co-exist with either S. mansoni or food-borne trematodes, KatoKatz thick smears are often examined 30-60 min after preparation. Fourth, the Kato-Katz technique is not suitable for the diagnosis of Strongyloides stercoralis, which might, at least partially, explain why this is the most neglected of the soil-transmitted helminths [8, 20, 37] . 
Transmission control -egg detection subsequently replaced
The need for accurate and precise diagnostic tests increases strongly when the overall performance decreases towards the low-prevalence end. The standard Kato-Katz technique is a good example of how this diagnostic process works. Although Kato-Katz is a sound approach for highly endemic areas [38, 39] , it is inadequate in situations characterized by a low infection intensities and few infected people [6, 40] . Hence, in the latter case (which is typical for the transmission control stage), the positive predictive value of the test decreases, which above all calls for highly sensitive assays but of course also with acceptable specificity.
In this situation, it is obvious that further progress in controlling a disease -and ultimately local elimination -is jeopardized. 
Post-transmission control -imaging techniques
Recent progress in the use of imaging techniques for helminthic diseases [13, 48, 49] has
shown that pathology remains a problem long after the infection has been successfully treated.
Based on experience from Japan, surgical and other interventions may increasingly be needed on an individual basis in settings where transmission of trematode infections has been interrupted. This is currently a totally neglected problem which needs to be budgeted for as a final outlay when elimination is in sight.
Research needs
Intensity of infection is a key determinant of morbidity, but the relation between egg excretion in stool (or urine or sputum) and severity of disease is complex [11] . Attempts have been made to classify helminth infection intensities based on egg counts (Table 2) Although, most countries are still far from elimination with respect to the helminthiases discussed here, it makes sense to already now consider what is required to permit an area or entire country to be formally declared as eliminated from an infection. Would it suffice to present a certain number of negative results, over a specified time period, based on an absolutely specific, highly sensitive assay, such as PCR, in conjunction with negative serology?
The issues discussed here are not the only ones that can introduce failings as large-scale helminth control programmes continue to advance but the identification of the main diagnostic obstacles and dilemmas will facilitate the finding of logical, relatively straightforward ways to address them. The opinions expressed here are intended as an incitement to further enlargement of the scope of helminth diagnosis leading to multi-country studies aimed at standardizing protocols for rigorous validation of different diagnostic assays so that they can be utilized with high levels of confidence at different stages of control interventions. 
